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ABSTRACT

In June 1970, 2025 oysters (Crassostrea virginica)

were divided among three stations in Indian River Bay
(Lat. 38° 35'; W. Long. 75° 14'): 1) at the intake of

the Delmarva Power and Light Cor; 2) 2.5 km downstream

at the mouth of the effluent canal, and 3) at a station

6 km east of the plant at Oak Orchard. High mortalities
necessitated plaéement of 6600 additional‘oysters in July
at the same three stations. These were sampled from August
1970 to May 1971. | '
| The heated effluent had tne effect of shortening and
modifying the severity of the winter, thereby increasing
the growing season. Oysters in the effluent showed the
greatest shell growth thronghnut the study. Meat weights
and glycogen connentration in the effluent were-highest of
all the stations in the winter. Summer conditions in the
_effluent wéré severe dne to excessively high temperatures
and meat weights and_glycogen concentrations Were.lowér‘
than at other stations. In the spring, spawning may have
occurred prematurely in the effluent at Station Two. The

study showed that the thermal effluent has both beneficial

and detrimental effects depending on the season.



INTRODUCTION

This research was undertaken in order to determine
some of the effects of the thermal discharge from'the
Delmarva Power and Light Company plant at Millsboro,

Delaware, on the American oyster, Crassostrea virginica

(Gmelin), placed in Indian River Bay (Fig. 1). The ob-
jéctives of fhe project were to trace the éurvivorship,
growth, condition, and reproductive behavior of oysters
held in the thermal effluent and at control stationms. |

Fossil-fuel power plants are abéut 40% efficient
in converting thé'energy of coal to electfical_enérgy
(Sorge, 1969). 'The remaining 60% is given off as waste
heat energy. Most of this energy must be remoVedlby the
local water supply which is pumped through heat exchangers
in the steam condensers of the power plant. Thermal addi-
tion inyolves the non-consumptive use of water for cooling
purboses producing an effluent often significantly warmer
than the ambient water. Because this waste heat may have
a wide variety of effects upoh the local biota, thermal
addition has become a causé for concern. |

Mihursky et al., 1970, defined thermal pollution as

industrially induced, unnatural . temperature changesjwhibh
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cause alterations_in an aquatic systém to the extent that
other legitimate uses are impaired. In addition to num-
erous‘field and laboratory studies, many general articles
have been published dealing with the locai, regional, and
national problems of waste heat disposal: Anonymous, 1956;
Markowski, 1959;‘Davidsoﬁ and Bradshaw, 1967; Vernberg,
1967; Cairns, 1968; Cronin, 1968; Mihursky, 1968; Singer,
1968; Clark, 1969; Cole, 1969; Davis, 1969; Nash, 1969;
North and Adams, 1969; Sorge, 1969; Zieman, 1969; Arnold,
1970; Gilluly, 1970; Holcomb, 1979; Cairns, 1971;'Ing1e |
et al., 1971; Wei, 1971; Levin et al., 1972,

When waste heat is eliminated in a one-pass system
and water is returned to a lake, river, or estuary at a
higher than ambient temperature, a thermal effluent is
created. 1In this presentation, effluent, thermal effluent,.
heated effluent, effluent area,Aand thermal addition will
be used synonymously. The term '"thermal disturbance" is
applied to the total change made in.the water by the power
plant including temperature, biocides, trace metals, sus-
pended sediment, current.velocity, turbulence, dissolved
‘ oxygen, and the effect of this altered water on other
biota associated with the oysters. |

Clark (1969) stated that in 1968 the electric power
industry was responsible for 75% of the 60,000 billion
gallons of cooling water used in this country. The'pro—

Jjected future cooling needs of the electric power industry



vary greatly. Clark (1969) estimated that by the end

of the century cooling water needs will reach oneéthird
of the average daily freshwater run-off of the country..
The estimates of Sorge (1969) indicate that we will use
twice our average daily freshwater‘run;off by the year
2000. Many river systems receive the majority of their
annual run-off during the spring months énd least run-off
during the late summer . Therefore, the season of highest
ambient temperature coincides with the time when the great-
est percentage of the daiiy stream flpw must be used for
cooling. For this reason, fhere'has been an increased
tendency to locate power plants adjacent to estuaries.
Because of tidal flushing with cool ocean water, these
power plants would no longer be totally dependent on run-
off. A nuclear.power plant on Chesapeake Bay at Chalk
Point, Maryland uses 500,000 gallons of cooling wéter per
minute which often exceeds the freshwater flow passing
this point on the estuary (Davidson and Bradshaw, 1967).
By 1980; neérly one-third of all pbwer plants in this
country will use estuarine water for cooling purpéses
(Picton, 1960), and it seems likely that the trend will
continue. It appears certain that alternate cooling
methods or alternate energy sources must bé developed

or our demands on estuarine waters may cause dramatic

changes in these highly productive areas.



There are ﬁany factors which make the oyster a suit-
able assay organism for thermal addition studies. The
oyster family (Ostreidae) has a long geologic history as
a family and was commonly associated with estuaries in
the past. Today'they are abundant in estuaries along
. our entire Atlantic and Gulf Coasts where they are ex-
posed to greatlyvdiffering temperature regimes. This
makes them a truly representative estuarine species.

Some populations occur intertidally where they survive
wide temperature fluctuations. Although fhe oyster may
tolerate a wide variety of thermal conditions, tempera-
ture controls the rate of virtually all of its life
functions. Compared with older oysters, young oysters
show rapid growth, maximizing differences in the growth
rate. This difference can be exploited as a sensiti&e
measure of change in thermal studies (Maurer, unpublished
data). Oysters also exhib%t a seasonal glycogen-gonad
cycle which is temperature-dependent. They are relatively
easy to collécf, cle#n, and sample. They feed on suspended
unicellular algae and.can be sucéessfully held in{contain-
ers provided they are exposed to a sufficient flow of.
water. Their sedentary nature as adults also makes them
partiéularly susceptible to the effects of heated efflu-
ents. Finally, the oyster was selected because of the
abundant 1iterature'availab1e on the biology of this spe-~

cies.



Prior to 1957, seed oysters were planted and mar-
ketable oysters were harvested annually in Indian River
and Rehoboth Bays (Humphries and Daiber, 1968). 1In

that year, the protozoan parasite, Minchinia nelsohi

(Haskin, Staubef, Mackin) ("MSX"), reached epizootic
proportions, causing excessive mortalities in many oys-
ter populations on the Atlantic Coast (Zimmerman and
Rosenfield, 1967; Andrews; 1968); During thiS'period,
the natural beds of Delaware Bay were decimated and planted
beds in Indian River and Rehoboth Bays were virtuélly
eliminated. During the past decade, attempts-to.raiée
MSX-resistant stocks have been made by several researchers
(Haskin, 1965; Andréws, 1968; Maurer, 1970). Since thé
‘incidence of MSX has declined and some of the natural beds
in Delaware Bay are becoming re-established, it may be
that the surviving, natural stock of Oysters are beginning
to develop some disease_fegistance, either genetic or
acquired. .Frqm these "resistant" stocks of oysters, com-
mercial planfiﬁg of oysters may again become feasible in
suitable émall bays. |

The massive amount of literature on the biologicgl'
effects of temperature and thermal effluents has been
summarized in Various»bibliographies (Kennedy and Mihursky,
1967; Nakatani et al., 1968; Templeton et al., 1969;-Cou—‘

tant, 1970; Coutant et al., 1972; Raney and Menzel, 1969;



Jensen et al., 1969; and others). Those references most
pertinent to oysters and shellfish research in general
will be ﬁentioned. |

- The temperature regime affects the life of the'oys—
ter in many waYs: controlling the rate 6f water trans-—
port, respiration, feeding, utilization of food reserves,
gonadal development, and time of spawning. The American
oyster is normally found in water between 1-369c; but
little is known about prolonged effects above 32°C (Galt~
soff, 1964).v Dunnington (1968) found that. oysters sur-
vived longer at lower temperatures when held under anaero-
bic conditions. This is probably due to the 1§wer metabolic
rate at lower temperatures which allows conservation Qf:
stored food resérves. Mackin (1961) agréed that extremes
of fhe physicai énvironmenf such as salinity and témpera—
ture may be one factor leading to increased oysfer mortali—
ties.

Because it'affects feeding rate, metaboliC‘rate, and

" conversion éfficiency, thermal addition causes changes in
the growth rate.of the oyster. - Clark (1969) suggests that
thermal effluents could be of use.in mariculture te maxi-
mize the growth of fish#’ Barnett and Hardy (1969), in

studying the snail, Nassarius reticulata (L.), found that

individuals within the effluent area developed thinner

.shells than those found outside it. This may be due to



the higher metabolic demand in the heated water leaving
less energy available for shell growth. Kennedy et al;
(1969) found differences in shell components and con-
figuration in bivalves associated with elevated tempera-
tures. Ryther and Bardach (1968) report remarkablé
growth for oystérs held in a thermal effluent in Long

Island. The hard clam, Mercenafia mercenaria (L.) was

found to grow throughout the year in its southern range,
but only seasonally in its northern range (Ansell, 1968).
Butler (1965), however, found increased meat weights but
no additional shell grdwth in oysters held-in'an efflu;
ent. This is possible despite increased metabolic demands
bedéuse many of the suitable algal food populations are
at high levels at températures above 30°C (Davis and Cala-
brese, 1964).

‘One means of determining the condition;of oysters
is’to measure the glycogen‘concentration.. Glycogen is
_ animalvstarch and is the m;in food reserve of the oyster.
An oyster higﬁﬂin glycogen is said to be "fat'" and in
good condition. The appiication of the term ﬁfat“ by
shellfishéries' biologists to oysters high in.giycogen
is a mishomer reflecting the condition of being high in
storage products, which is not biochemically éorrect.
Glycogen concentration varies seasonally in oystef popu-

lations (Galtsoff, 1964). Ansell (1968) recorded a loss
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of fatness in hard clams held in a thermal effluent. Oys-
ters are also known to lose fatness at elevated tempera-
tures (Médcof, 1946). Chipman (1948) commented fhat loss
éf fatness at elevated tempefatures was associated with
the more rapid conyersion'of glygogen to glucose due to
higher metabolic demands;

It is relatively well established that oysfer gonadal
development and spawning are triggered by environmental
parameters and that the most important of these is tem-

. perature (Nelson, 1928). The annual cycle. of gonad de-
velopment in the'oyster has been well dpcumented:by sev-
eral researchers (Loosénoff, 1942; Kennedy and Battle,
1964). Oysters held in the effluent would be expésed
to temperatures favoring gonad development and spawning
before those at control stations (Loosanoff aﬁd Davis,
1963§ Galtsoff, 1964)., For thiS'reason,_attémpté'were
made to spawn ihdividuals ip phe lab during the early
spring months using the me;hods'of Loosanoff and Davis
(1963), Maufef'and Price (1968), and Price and Maurer
(1971).' It seems likely that premature spawning would
be exposed to unfévorably cold wafer oufside of the ef-
fluent area. | |

Indian River Bay has . a total area of 9,555 écres
(Humphries and Daiber, 1968). In the past, it was an

important oyster grbwing area, but today the main com-
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mercial species is the hard clam, Mercenaria mercenaria.

The Delmarva Power and Light Company plant on Burton's
Island has a maximum operating capacity of 350 megawatts
(mw) and uses 265,000 gallons of cooling water per minute.
This accounts for about one-tenth of the mean freshwater
flow for cooling purposéé. In addition, averagé tidal
fluctuations make an additional 20,000 cu. ft./sec. avail-
able for plant use. Island Creek acts as a natural dis-
charge canal carrying the héated effluent water 2.5 km
dowﬁstream before it rejbins Indian Rivef Bay. . Based-on-

a mean tidal excﬁrsion of 1.2 km, the reéirculation of
effluént water is unlikely as the.distance'from the mouth
of Island Creek to the intake is about 3.0 km (Gibbons

. anﬁ Brady, 1971). Indian River Bay is relatively shallow
néar the poWer plant and water temperatures follow air
temperatures closely. For this reason, rather large diurnai
‘ témperéture fluctuations are not uncommon. During monthly
collecting trips ambient téméerature ranges were 2~30°C
throughout tﬁe.year. The effluent temperature range was.8—
40°C. An.all night hydrographié.study in the effluent may

remain above 35°C throughout a twenty-four hour period.
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MATERIALS and METHODS

Following a two—year pilot study conducted by our
laboratory during 1968—1970 (Maurer, unbublished), a
more extensive twe;ve-month study was begun in June 1970.
During the spring of 1970, the necessary field.equipment
was constructed.; Three stations were selected in Indian
River Bay, Delaware (Fig. 1). Station One; one Hundred
meters upstream from the cooling water intake of the power
‘plant, and Station Three, six kilometers east of the plant
at Oak Orchard, were chosen as control stations. Station
Two was placed at the mouth of Island Créek, 2;5 km east
of the plant. Island Creek serves as the effluent canal
of the power plant. Spot checking showed thaf the amount
of heat dissipated from Island Creek in transit from the
plant discharge to the mouth of Island Creek was small,
especially.in summer. Each station was marked by an
anchored wooden tripdd béaring a sign identifying the
project and warning pleasure boats to avoid the immediate
area. Nine trays were constructed during the spring of
1970. These consisfed of an iron frame (90 x 45 x 16.5 cm)
supported on legs 60 cﬁ in length. Small iron plates near

the base of each leg served to prevent the trays from sink-
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ing into the soft mud. FEach tray contained a rectangular
basket of half-inch welded wire which held the oysters.
~ A buoy line.was tied to-é rope hafness on each tray mark-
ing its position and making monthly recovery possible.

In early June 1970 oysters were collected bi hand
from the intertidal oyster bars of the_Murderkill River,
Bower's Beach, Délaware.‘ Oysters were culled in tﬁe
laboratory. Thié involved removing oyster spat énd foul-
ing organisms and reducing the clusteré of oysters to
individuals; The lafgest oysters were discarded and the
smaller oysters (4-9 cm) were selected as most appropriaté
for the study. Younger individuals tend to grow‘faster
(Maurer, unpublished data), thus maximizing any differéncés
in growth due to the experimental differences in temperature.

On June 10, 1970, 2025 oysters were placed at the‘
three stations. These were called Groﬁp One oysters. ‘TWQ
hundred and twenty-—-five oysters werg'placed in each of the
nine sea racks which were distributed with three raqks:at
cach of the three stations. High mortalities during June .
necessitated the collection of a second group of 6ysters
also from the-Murderkill River. The remaining Group One
oysters wefe consolidated into two trays per station..
Nine additional trays were constructed. The oystérs were
culled as before and six thousand six hundred weré'placed

atvthe three stations on July 24, 1970 in four trays of
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five hundred and fifty at each station. These were called
Group'Two oysters. This provided a sufficiently large
number of oysters so that expected moft#lities aﬁd sam-
pling over the twelve month peribd would hot redﬁce the
number of oysters té levels insufficient for sampling.and
analysis.
- During the summer months (June—August) the‘trays

‘ were examined (twé to four times each monfh)'and silt and
fouling ofganisms were removed to minimize mortality and
reduce the limitations on growth due.to these factors.
Fbr the remainder of the year (Séptember—May) monthly clean-
ing was sufficient to control féuling organisms. Ali oys-
ters were counted on monthly fiéld trips to determine
mortality. Samples of oysters were collected‘randomly from
each group at each station and returned to the laboratory
for study. Water temperafure, salinity, and dissolved oxy-
gen were measured during fielq trips using,a Hydrolab,
Model II A. This instrumegt was calibrated uSing-a_labora-
tory thermoﬁéter, a Bissett Berman portable laboratory
salinometer, Model 6230, and the Winkler.titfatioh method
of deterhining dissolved oxygen.

These data_wére supplemented by the extensivé coﬁ—
tinuous temperature data collected by the Delmarva Power
and Light Company. A 'spring drive Fskboro seven-day

continuous temperature recorder was used for this purpose.
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Derickson (1970) also presents hydrographic‘déta.taken in
- the Indian River Bay aréa. |

One hundred oysters were retained at the laboratory
‘énd measured to provide a baseline of size and condition:
of oysteré at the beginning of the study and for compari—
son with oysters from thé three study étations.. Shell
height, length, and width were determined to the nearest
millimeter with é'field measuring board. Shell thickness
was measured to the nearest tenth of a millimeter with a
micrometer caliper (Fig. 2). Because of random variation
and breakage during handling, this method éfbdetermining
shell dimensions may contribute to so-called negative
shell gréwth. Therefore, one hundred oysters were set
aSide at each station and these individuals were measured
during each monthly collection from January through May.
When mortalities occurred in this group, they were re-
placed by living individuals of the same size.

Oystérs gsed for meaf'weight determinations were
opened carefﬁlly with minimal physical damage to the
oyster tiséues. They were blotted and wet weighté were
determinéd using a Mettler Balance, Model H 20 T. Thgy
were then oven dried to constant weight at 80°C. Con-.
stant weight was determined by weighing several oysters
on several consecutive days. Dry weights of the meat

were then taken after cooling in a dessicator jar. Meat
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weights provide an indication of meat growth, and percent
water values can be determined using wet and dry weights.
Percent water is an indication of oyster condition. |
Another measure of oyster condition is glycogen con-
>centration, since glycogen is the main stored food re- -
servé of the oyster. Glycogen concentrations were made.
using the method of Carroll et al. (1956). Individual
oysters were weighed, homogenized, and thé glycogen éx—
tracted three tiﬁes Withls% trichlbroacetic acid. Dupli-
cate one ml samples of this acid filtrate were treated
with 95% ethan01;~precipitating the glycogen. After
centrifugation and discarding of the supérnatant,_the
glycogen was dissolved in distilled water. Anthroné was
tfeated with 95% ethanol, precipitating the glycogen,
Affer centrifugation and diScarding of the supernatant,
the'glycogen was dissolved in distilled water. Anthrone
reagent was added to these_duplicate'samples as well as
to a reagent blank of dist;lled water alone and a standard
glucose solﬁfibn containing one-tenth milligram of glucose.
After heating, these solutions were transferred to color-
imeter tubes and read in a Bausch and Lomb Spectronic 20
spectrophotometer at 620 mu, after adjusting it with the
reagent blank. The glycogen concentration was then deter-

mined using the equation:
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DU . .1 x Yol. Extract _ .54 4 9.9 = Mg. of Glycogen

DS Gm. of Tissue 100 Gm. of Tissue
(Carroll et al., 1956)

Where DU is the optical denSity of the unknown, DS is the
optical dénsity of the standard; 0.1 is the number of
milligrams of glucose in two milliliters of standard so-
lution; 0.9 is the factor for Qonverting glucose to gly-
cogen. | ‘

During March through June 1970, fifteen oysters from
each station were brought into the 1ab6rat9ry for purposes
- of induced spawning. Following the methods of Loosanoff
and Davis (1963), the oysters were subjected to systematic
treatment with thermal and chemical stimuli. Thése spawn-
ing’attempts‘provided direct.evidence of gonadal develop-
ment.

‘Significant differences at the .05 level between means

of shell height, wet weight, dry weight, percent water, and
glycogen concentration weré“détermined using the_least sig-
nificant difference (LSD). Where the LSD ranges éré mutu-
ally exclusive, significant differences exist at the .05

level.
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RESULTS

Temperature

.Figure 3 represents the mean weekly temperature for
the powér plant intake and for the mouth of Island Creek
for the period June 1, 1970 through June 6, 19%14 Table
1 lists mean values. Temperatures recorded fdr the in-
take station were available for fifty of the fifty-three
weeks of the study. The temperature increased until late
August 1970 when the highest mean temperature was recorded
at the intake (29.0°C). A general decline in temperature
occurred ﬁntil early Jﬁnuary 1971 when the lowest mean
temperature (-1.4°C) was recorded at the intake. Follow-
ing this, increases in mean temperature were the trend
through June 1971. |

Temperature data for the Island Cfeek station were
available for only 34 of the 53 wéeks of the study. Tem-
.perature trends at the Island Creek station generally paral-
- leled those at the intake, but temperatures were higher,
A mean temperature of 32.4°C was recorded at Island Creek
~and it occurred during mid-August 1970. The minimum
(7.0°C) occurred during mid~January 1971. The maximum

difference between these two stations (At) occurred during
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. TABLE 1
Weekly Mean Temperature Readings (°C) for the

Power Plant Intake and Island Creek
(Delmarva Power and Light Co.)

Intake Island Intake Island

Creek ) Creek
Week No. 1 2 Week No. 1 2
1 23.5 28.0 2 24.2 28.2
3 24,2 28.2 4 24.6 28.3
5 25.6 28.3 6 . 26.0 - 30.3
7 26.3 28.7 8 " 24.0 28.2
9 26.6 29.1 10 : 26.7 32.4
11 . 27.6 30.9 12 29.0 32.4
13 - 28.3- 32.0 14 27.0 31.2
15 1 25.7 29.9 16 26.5 30.4
17 27.7 31.6 18 ’ 22.6 26.8
19 22.4 24.4 20 22.3 21.7
21 19.2 - 22 17.5 —-—
23. ‘ 17.0 -16.8 24 17.3 17.9
25 15.4 17.6 26 9.4 14.2
27 9.9 13.5 28 5.4 13.6
29 5.7 11.8 30 4.3 10.9
31 -1.4 7.3 32 1.1 9.5
33 -0.4 7.0 34 1.1 -
35 2.4 - 36 4.0 -
37 - - 38 7.6 -
39 10.9 - 40 9.2 —-
41 8.8 —— ... 42 11.8 —
43 8.7 - - 44 : 11.8 . -
45 13.6 - 46 -15.8 -
47 17.6 - 48 16.1 -
49 18.5 —— 50 21.9 L=
51 - 52 : 22.8 23.9

53 24.9  27.1
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early January 1971 when the difference in mean weekly tem~
peratures was 8.7°C.
Hydrographic data taken on monthly field trips are

preésented in Table 2,

I.  Group One Oysters

Group One oysters placed in the fieid in June 1970
were sampled only four months (August, September, October,
November, 1970) and for this reasoh have limitéd value.
vHowever, these dafa show some initial trends. Tables |
containing'Group One data are presented inAAppendix A.
Some reference is'made to them throughout this account;
buf in generél, discussion will be limited tb Group Two
oysters which were sampled for ten months and, thereforé,

are more clear—cdt in showing trends'than‘Group One‘oysters.v

II.: Group wa Oysters
Mortality

- Monthly oyster mortalities are presented in Figure
4, Mortalify is expressed as a percentage of the oysteré
remaining per station each montﬁ. The numerical Values
of these mortalities are presented in Table 3. Oyste;
mortalities were highest at the intake in August, declining
steadily in September through Decembef} The IOWest rate

of oyster mortality at the intake occufred in December

and February. Compared with the other stations, the intake
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TABLE 2

 Hydrographic Data--Temperature (°C)

Station 1 2 | 3

June | 28.0 35.0 24.5
July 29.8 35.5 25.3
August | ~30.1 39.5 27.0
September ‘ 15.0 19.5 . 13.0
October 15.5 19.0 14.0
November 9.0 14.0 : 11.5
December 2.0 8.5 2.0
January 2.5 13.0 2.5
February 11.5 17.0 11.0
March | 19.5 18.5 14.0
April 15.5 22.0 14.9
May 29.0 36.3 29.5

Mean Salinity (PPT) -
16.1 :18,5 25.5
(12.5-21.0) (13.5-22.5) (18.5-33.0)
Mean Dissolved Oxygen (PPM)

-~ 11.3 : 8.4 10.4 -
(8.6-16.0) (5.1-12.0) (9.8-11.0)
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TABLE 3

Group Two--Mean Percent Mortality (%)

Intake Island | Oak
' Creek Orchard

Station | 1 2 3
August | 8.7 28.4 18.5
Sebtember 4{2 5.4 3.2
‘October 2.8 3.5 1.7
November 1.2 1.3 0.5
December 0.7 0.2 0.3
January 1.6 0.5 . 1.3
February 0.8 0.4 0.4
March 1.1 0.4 0.9
April 1.0 0.3 3.1
May . 2.0 0.8 5.0
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station showed the lowest mortality in August and Septem-
ber énd the highest mortalities during the.winter, Decem-
ber through Maréh..

~Mean oyster mortality at Island Creek waé also very
high in August, the highest observed at any sfation. Com-
pared with the other stations, the Island Creek station
showed the highest mortaiities during August thfough No-
vember and thereafter showed lower mortalities than the
control stations.

The mean mortality of oysters .at Oak Orchard was
also highest in August. In compariéon with thelother
stations, Oak Orchard oysters showed lowest mortalities
in October and November, highest mortalities in April and
May. |

| T-tests compafing mean percent mortalifies among
stations show that differences were significant at the
. .05 level ddring three months;_ In August, the Island
Creek and Oak:Orcﬁard stations had higher mortality rates
than did the iﬁtake station. In April and May the Oak
Orchard station showed mortalities which were sigﬁificantly
higher than the other stations. During the period‘Noyem—
ber through March, fhére were no significant differencés

‘in mortality between the stations.

a
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' Shell Height

An oyster shell grOWS in three dimensions (height,
length, and width) as well as increésing in valve thick-~
v. ness. Shell height is nearly always the largest dimension
of an individual oyster_and is always thé largest mean
shell dimension of a relétively 1arge'sample of oysters.
In shell growth, therefore, the net change.in shell height
will be larger than the changes in oyster>she11.dimensions.
If there aréfany changes - in shell growth due to differences
in station or season, they would be more likely to show'up
in shell height beéause changes in this vafiable are more
'easily detectable and most eﬁsily measured. Therefore, the
discussion of shell measurements will be limited to shell
héight. Appendix B contains the mean monthly values for
shell length, width, and thickness of fhe left and right
valves. | |

Mean monthly shell heights with standard deviations
are éhown in figure 5. Thé"numerical values are presented
in Table 4. 'dysters sampled from the ihtake increased =
gradually in mean shell height through November. ‘'Not un-
til the May collection did the mean shell height exceed
..the November level. Thé‘May mean shell‘height was the
largest recorded for the intake station. |

The island Creek mean oyster shell height increased

through December and remained at nearly the same level
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TABLE 4

Group Two--Mean Shell Height (cm)
Oysters subsampled from those collected from Murderkill River
June 1970 - 6.6 :

Intake " Island - Oak
Creek . Orchard

Station | 1 2 3
August 7.6 7.5 7.3
September 7.8 7.8 7.4
October | 7.9 8.2 7.5
November 8.1 8.2 8.0
December ' 7.9 8.7 7.4
January 8.0 8.6 7.7
~February 7.6 8.6 7.3
. March 8.0 8.5 S.l
April 7.8 8.6 7.6
| 8.3 9.6 8.1

May
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throughout January and February.' The May vélue is the
highest recorded for the Island Creek station.

Oak Orchard oysters showed flﬁdtuations in mean
Shell height whicﬁ were similar to those of the intake
station. There was an increase which éohtinued fhrough
November. Only in March and May was the Novémber value
» exceeded. The maximum mean shell height measured at
the Oak Orchard station occurred in March.

In comparing the three stafions,'with very‘few
exceptions, the oysters at the Island'Creek_station showed
the highest mean Shell height.énd those at 0ak Orchard
showed the lowest mean shell height, while the shell heights
of oysters at the intake were intermediate. Figure 6 shows
the mean monthly shell heights of oYstérs sampled from the
three stations. Ranges around each mean indicate the 1east'
significant difference. This is the least difference'neces—
sary to show a significant diffefence between means. of the
various stationS-at the .OSnlevel.. In December throﬁgh
February and.Aéril through May, oysters_from Island Creek
were significantly larger than thosé from control stations.
Oyster shell heights varied among stations and these dif-
ferences changed with time. Therefore, both station ;nd
season must be considered in evalﬁating changes and dif-
ferences in shell height. The greatest differenées in
mean sheli height between the ambient water stations and

the effluent station occurred in December and May.
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Wet Meat Weight

Figure‘7_shOWS the mean monthly wet weights with
standard deviations; Table 5 presents the mean wet weight
values. The mean wet'weight of oysters sambled from the
intake station increased steadil& from August through
November. A furthefvincrease in Junuary prdduced the
maximum mean wet weight measured at this station. After
this peak, the general trend‘showé a slow decline in mean
wet weight to the May level.

Oysters taken from Island Creek in August showed the
lowest mean wet weight recorded for oysters from Island‘
Creek throughout,the study. A dramatic increase in mean
wet‘weight occurred from August to a maximum in January.

Oysters from Oak Orchard increased invmean'wet weight
in August and September, declined in October, and increased
dramatiéally in November, the maximum mean wet weight re-
uorded for this station. - '

During thé period December through May, Island Creek
oysters weré:consistently‘highest in mean wet weight, Oak
Orchard oysters were lowest, and intake oysters assumed an
intermediate position.' This shows a reversal of the early
trend as Island Creek oysters were lowest during August,

- September, and November.

Figure 8 shows the mean wet weights. of oysters sam-

pled from each station. In October and March, oysters

were significantly lighter than those from the intake or
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TABLE 5

Group Two--Mean Wet Weight (g)
Oysters subsampled from those taken from the Murderkill River
June 1970 - 5.3

Intake Island - _Oak
Creek ‘ Orchard

Station 1 | ' 2 3
August »I 5.8 | 4.9 | 6.1
September 7.2 ' 6.8 ,f 7.7
October | 9.9 8.5 6.9
November 10.1 9.5 R 10.7
December 10.1 13.7 7.0
January - 13.4 19.3 8.8
February 11.6 16.7 7.9
March - 12.4 ‘ 13.1 9.6
9.3

April 11.8 15.3

May 10.8 15.9 T 10.5
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Island Creek. In May, Iéland Creek oysters were signifi-
cantly higher in wet weight than those from control stations.
In December through February and in April, all wet weight |
means wefe significant1y different from one another; and in
each case, oysters held in the effluent were heaviest while
~those from Oak Orchard were lightest. Both station and
season had an effect on mean wet weights and therefore it

is necessary to consider both in-inferpreting changes and

differences in mean wet weight.

Dry Meat Weight

Values for the mean dry weights of oysters are pre-
sented in Table 6. Figure'9 shows mean dry weights. In-
'fake oysters increased gradually in dry weight into October.
The Aprilllevel was therhighest measured at the intake
station.

Oysters sampled from Island Creek increased subétan—
tially in.mean dry weight ffom'September to February. The
mean dry weight of oysters at Island Creek reached the max-
imum value recorded in February.

Oysters sampled from the Oak Orchard statioﬁ increased
from August to November. The November value was the high-
est mean dry weight‘measured at fhe Oak Orchard station.

Dry weight showed an upward trend again in the March through
May collections. |

Figure 10 shows these values plotted with LSD ranges.
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TABLE 6

Group Two--Mean Dry Weight (g) :
Oysters subsampled from those taken from the Murderkill River
June 1970 - 1.0

Intake‘ . Island Oak
‘ Creek Orchard

Station 1 | 2 3
August 1.3 1.0 1.0
September 1.5 1.5 1.5
October , 2.6 2.1 1.7
November 2.4 2.6 2.7
December 2.1 3.1 1.3
January 2.3 3.7 1.6
February 2.5 3.8 1.4
March 2.5 3.3 1.9
April | - 3.1 3.2 2.1

May _ | 2.7 3.

w
. N
«
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In October, ocysters from Station One were significantly
higher in dry weight than oysters from Stations Two and
Three. In April, eysters from Stafion Three were sig-
nificantly lower in dry-weight than.those from Stations
One and Two. In May, oysters from the effluent were
significantly higher in dry weight than those from con-
trol stations. In December through March, differences
vbetween all stations were significant; and in each case,
Island Creek oysters were heaviest and Oak Orchard oys~
ters showed the lowest wet weights. Typically, dry weights
vary between stations. This. variation is not. a constant
one, but it changes with the season. Since station and
season combine fo influence oyster dry weight, both must
be considered in interpreting differences end changes in'
mean dry weight.

In comparing the three stations; distinct trends did

not emerge until December;_ Frpm December to May, Island

Creek oysters were highest and Oak Orchard oysters lowest
in mean dry,weight. Intake oysters assumed an intermediate

position.

Percent Water

Figure 11 shows the mean monthly percent water con-
centrations. Values for monthly means are presented ie
Table 7. The mean percent water value of oysters at the

intake declined through October and were the lowest recorded

t
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TABLE 7

_ Group Two--Mean Percent Water
Oysters subsampled from those taken from the Murderkill River
' June 1970 - 81.1

<

Intake Island Oak
Creek ~ Orchard

Station ‘ 1 2 ’ -3
August | 79.7 80.4 ' . 82.2
September | - 79.9 78.0 8\1.’l2
October 74.1 74.3 | 73.0
November . 76.4 72.6 74.3
December 78.9 77.1 81.2
January - '83.2 80.5 | 82.3
February 78.4 76.8 - 83.1
March 80.2 74.5 80.2
April 75.1 80.0 76.4
‘May | 75.6 80.3 - 76.5
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at this station.- Dﬁring,November through January, there
was a dramatic increase_tovthe maximum level measured at
this station. | '

Island Creék oysters declined in mean percent water
throﬁgh November which wés the lowest level recorded at
Island Creek. Percent wafef values were highest in Is-
land Creek in August, January, and>May. |

Oak Orchard oysters increased in mean percent water
in August, then decreased to October, the lowest level
measured at this station. The percent water levél reached
its maximum'in February.

Figure 12 shows the monthly mean,percent'water con-
cenfrations of oysters at each station With LSD values.
Oysters from Island Creek were Significantiy 1owef than
those from other stations in percent watef‘in Septembef
and March and significantly higher in April and May. Oys-
ters from Station One showgg,higher percent water in No;
vember, while oysters from Station Three were higher in
December and‘Fébruary. The most significant differences
between the ambient water stations and the effluent station

occurred in March.

Glycogen Concentration
‘Figure 13 shows mean glycogen concéntrations. Mean
values are presented in Table 8.

‘The mean glycogen values of oysters from the intake
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TABLE 8

Group Two-~-Mean Glycogen Concentrations

(mg of glycogen/100 g of oyster tissue)

»Oysters subsampled from those taken from the Murderkill River
' June 1970 - 1747 6

Intake Island Oak

Creek Orchard

Station - 1 2 3
August 3355.4 1221.7 . 2506.7
September . 3446.7 1436.3 2537.9
October | 5324.7 2113.9  5699.3
November . 5499.4  4323.4 5200.1
December 4667.1 6099.1  3666.6
January 7010.1 7668.4 6000. 1
February 7196.6 7405.1 6751.1
~ March . 7323.0 6885.0 6665.0
April 6810.3 5000.2 5850.0

May - 5670.5 3299.4 6000.7
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increased steadily through the Ndvember collection with
another increasing trend in Januarj throﬁgh March. Gly-.
- cogen levels theﬁ began to decline in April and Ma&.
Concentration at the intake wasllowest in August and
highest in March.

Oysters sampled froﬁFIslaﬂd Creek in August showed
an initial decrease in mean glycogen IGVels; Levels rose
through January.-bThellowest concentration was in August,
the highest Qccurred in January.

Oysters sampled from Oak Orchard showed an increase
in mean glycogen level through October. The lowest read-
ing»occurred in Augdst\and the highest in February.

Figure 14 shows mean monthly glycogen-concentrations
.for the three stations with the least significant dif-
ferences} In October and November, oysters from Island
- Creek were significantlyylower than control stations in
. glycogen reserves. Iananuary; oysters froﬁ Station'Three‘
wére;significanfly lower in glycogen than those frdmvSta-
tions One anﬁ.Two. In May, oysters from Island Creek were
significantly lower in stored glycogen than control sta-
tions. Glycogen concentrations varied betweeﬁ_stations
and with thé season; this interaction must be considered
in evalﬁating glycogen concé#trations.

Invéoﬁﬁaring the efflueﬁt station with ambient water.

stations, Island Creek oysters showed highést glycogen
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concentrations from ﬁeCeﬁber through February. During the
warmer months, Island’Creek‘oysters are generally lowest
in glycogen. '

The greatest differences_in glycogen concentratioh
between stations occurred in October, May; and August. In
each case, the Island (Creek levels were lower thén.ambient-,

water stations. .

Spawning

During April, May, and June of 1971, fifteen oysters
from each station were returned to the 1aborator§ period-
ically for artificial spawning experiments. 1In April, at-
tempts were made to spawn'oysters from each station durihg
' the period April 15-17, 1971. Each groﬁp of oysters was
exposed to two full days of elevated temperatufes (26-30°C).
' On the second day, sperm suspensions were added to each
group. Spawning attempts were unsuccessful. Gonads'wére
generally not well developéd ahd sperm were inactive.

Similarlépawning attempts were made May 6-8, 1971.
Intake oysters appeared to be in good condition‘with firm
developing gonads, but'sperm were only slightly'active‘
and eggs wére immature. No iﬁtake oysters spawned in
response to elevated temperatures or sperm suspensions.
Oak drchard bystérs were generally in good condition with
fair gonad development, but sperm were inactive and eggs

were immature. No Oak Orchard oysters were induced to
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spawn. Island Creek oysters were in excellent condition
with good gonad development and active sperm. On the
second day, two hours after introduction of a sperm sus-
pension, one male and one female of a total of 15 oys-
ters.spawﬁed. The eggs were fertilized and developed
normally. |

| When a third_and final spawning attempt was made,
June 7-9, 1971, no oysters from any of the statiéns were
induced to spawn. Island Creek oysters were in'fair'to
vgood condition and many had very active sperm and well
formed eggs. Inféke oysters were in generélly good con-
dition. Eggs were immature and sperm were active in only
some indiViduals. Oak Orchard oysters were in fair to

good condition; sperm were inactive and eggs were immature.
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DISCUSSION

Temperature is generally considered to be the major
environmental factor influencing poikilotherms (Gunter,
1957; Kinne, 1963). Mihursky et al. (1970) list three
types of effects of temperature on aquafic orgaﬁisms:

(1) lethal éffects resulting in mortalities, (2) directive
 effects,inf1uencing activities such as spaWning, and (3)
controlliﬁg effects influencing the rate of metabolism.
Upper and lowef.temperatufe tolerances vary from one spe- .
cies to another and may depend upon the age and condition
of an organism, its.geoiogical history as a species, or
tﬁe‘environmental regime to which it has been acclimatized.

Thermal limits tend to increase with age. Crassostrea

virginica larvae develop within rather narrow temperature
limifs (Loosanoff'and Davis,>1963), while adults experience
ambientvwater températuresbof 1-36°C within their . geographi-
cal range (Galtsoff, 1964). The influence of geological
history on cell thermostability can be seeh in the work

of ZhirmunSkii (1966) on Crassostrea gigas. Organisms

from northern Siberia were found to have a lethal tempera-’
ture of 47°C despite the cold climate of this area. This

was explained on the basis of the subtropical climate of



52

this area during the Miocene epoch. The environmental
conditions to which . an individual or a species has become

- accustomed are also important in determining thermal tolerance
limits. Adaptation to a certain temperature regime may
occur on several levels. A genetic change brought about

by natural sélection within a species may le#d to the es-
tablishment of physiological races which are separated
geographically. Stauber (1950) proposed the existencé of
physiological races of oysters based on spawning tempera-
tures of different populations along the east coast. Loosanoff
and Nomejko (1951) concurred in showing that southern oys-
ters failed to spawn at ambient summer tempergtures in
Conhecticut, nor could they surine the severe wiﬁter con-—
~ditions in this latitude. Within species or physiological
races, thermal tolerances may be affected‘by acclimation

to various temperature regimes. vMany poikilotherms exhibit
-a non—genetic compensation in their metabolism or éctivity
which givés theﬁ a degree of independeﬁqe of temperature
(Bullock, 1955). This compensation is acclimétion. Al-
.though the ébility to abclimate is far from univefsal, many
‘molluscs show a varying degree of homeostasisAof rate func-
tions and shifts in tolérance levels in response to seasonal
or latitudinal-temperatures (Sega1,11961). The mechaﬁism

of therﬁal acclimation has not been elucidated, Although

it may proceed simultaneously, at varying speeds, and on
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several levels (Somero, 1969), involving hormonal and
nervous factors (LagerSpetz and Tirri, 1969), the reten-
tion of acclimation in various isolated cells and tissues
points to the cell as the site of acclimation (Segal, 1961;
Vernberg et al., 1963; MeWhinnie, 1967).

Temperature also affects the geographical distribu-
tion of a species (Hutchins, 1947). Oysters afe limited
as a community, dominant in their distribution toward the
-eeuator because of summer temperafures which cause more'
and more stress as one goes south (Collier, 1951). Oys-
ters-arellimited in their poleward distribution by the
minimum summex temperatures in these areas necessary for
gonad development and spawning to occur.

Aceclimation, physiological race, geological history,
condition, and age tend to affect thermal tolerances of
an individual only within certain limits for a given species.
As the temperatufes rise past the optimum level, metabolism :
becomes inefficient and oxygen consumption often declines,
showing that.the organism is under stress. When the orga-
nism fails to respond normally to stimuli, it is said to
be experiencing heat coma or ecological death. This state
continues as the temperature rises to the critical lethal
temperatufe kno&n as the thermal death point or physiologi-
cal death poinf. Deéth at this.temperature may be due to
insufficient oxygen, decreased viscosity of protoplasm,

osmoregulatory difficulties due to increased cell membrane
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'permeability, toxins from damaged cells, or to the in-
.activation of enzymes exceeding synthesis (Kinne, 1963).

Yokota .(1953) found that Summer mortalities in Ostrea

(Crassostfea) gigaéiwere due to accumulation of harmful
autolysis products. Drost-Hansen (1969) stated that
thermal death may be due fo changes in the structure of
vicinal water within the celi.

vDuring summer moﬂths, when'aMbiént temperatures are
normally high, the addition of waste heat to a body of
water may elevate temperatures beYond the therﬁal_death
'vpoint of some organismsﬂ Kennedy has demonstrated this

with the soft clam, Mya arenaria (L.) in Chesapeake Bay

(Kehnedy, 1967; Kennedy, 1968; Kennedy and Mihursky, 1971;
Kennedy and Mihursky, 1972). 1In this latitude, Mya is at
the southern limit of its range and therefore lives near

its upper thermal tolerance during summer months.

Mortality

Mackin (1961) listed mortalities due to extremes of
.the physical environment as Type I mortalities. Ihe oys=-
ter,‘like most widely distributed, sessile, 1ittora1; or
intertidal zone organisms, is eurythermal. Galtsoff (1964)
reports that intertidal Gulf Coast oysters survive tem-
peratures of 46-49°C when.exposed at low tide. Ingle et
al. (1971) repoft survival of intertidal Gulf Coast oysters

at temperatures of 49.5°C even when'temperatures exceeded
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44°C for three hours. Henderson (1929) gave 48.5°C as

the thermal death point of Crassostrea virginica. Vernberg
et al. (1963) showed that excised oyster gills lived for
some time at 44°C. Other intertidal organisms show similar

resistance to high temperatures. Crassostrea gigas (Thunberg)

showed cell thermostability up to 47°C (Zhirmunskii, 1966).
Hoshi and Hoshiyama (1963) found that isolated gills of ‘

Mytilus edulis lived at 45°C. Orr (1955) reported survival

of Uca and Nassa at 4660. On the basis of these studieé,
it seéms probable that the critical lethal temperature of
the oyster was not reached at the effluent statibﬁ.

A morellikely cause of the high summer mortalities is
thermal stress. The ﬂighest mortalities in natural popula-
tions of oysters'are usually associated with the warmest
parts of thé,year (Collier, 1951; McHugH and Andrews, 1954).
This may be due to the inability fo cope with the physiologi~
cal stress associated withueleﬁated temperatures followihg
spawning. Spawning requiréé energy and calls upon the oys-
ter to mobilizé Stored reserves in the formation of gonad |
‘and gametes. This demand decreases stored glycogen reserves
to a'lowAlevél during the warmesf season of fhe yéar when |
metabolic demands are highest. |

Oysters held}in the Delmarva Power and Light Combany
effluent during summer months would oftén_be.exposed to
temperatures between 30-40°C. There is abundant litera-

ture to show that the optimum temperature range of the oyster
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is below this level. 'Collier (1951) showed that for Gulf
Coast oysters'the optimum pumping rate occurred befween 20-
25°C. Above this temperature, pumping decreased. Loosanoff
(1958) working wifh’Long Island oysters found that the pump-
ing rate of the. oyster declined above a maximum at 31-32°C
and-showed severe stréssvabove 34°C. Oysters at 32°C seemed -
to be unfavorably,affected and the optimum level was con-
sidered to be near 25°C. This was true regardless of accii-
mation to the experimental temperatures. Galtsoff (1927)
found that the activity of the giil cilia of C. virginica
increased from 6?31°C and then declined sharply in response
to further heating. Federighi (1929) found that the heart-
beat of C. virginica increased with temperature to 30°C,.but
declined at higher temperatures. Others have found similar
results with other related species. Hopkins (1935) stated
that the maximum pumping rate of C. gigas occurred at 27°C;
however, the optimum'temperature was judged to be near 20°C.
Hamwi (1968) found 24-26°C to be the-optimum temperature

for pumping;of.the hard clam, M. mercenaria. Pumping ceased

entirely above 32°C. Loosanoff (1942) found a decrease in

the percentﬁge of the time that the mussél, Mytilus edulis,
will pump at temperatufes in excéss of 25°C. Based on

~ these studies, the oyster proBably éxperiences'heat coma
at temperatures in excess of 32°C. During August, the
mean temperature exceeded 32°C for more than a week. Tem-

peratures as high as 39.5°C were measured during spot check-
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ing and for several days the temperature remained above
35°C throughout a twenty-four hour period. From these data,
physiological stress due fo the heated effluent can be
strongly inferred as a major cause of summer oyster mor-
talities at the Island Creek station.

Some mortalities at each station may have been due to
mechanical damage from collection, culling, and holding
out of water. Medcof (1946, 1959) found that holding oys-
--ters out of water and transferring them from onellocation
tc another can have a‘detrimental effect on the fatness and
sufvivai of oystérs.

Salinity shock or the‘combiﬁed effects of an abrupt
salinity change with high temperatures can probably be
eliminated as a source of mortality. Mean summer salini-
ties from the Murderkill River oyster bar where tﬁe oysters
‘were collected was 21 o/oo (Aprill and Maurer, unpublished
data) which is similar to salinities in Indian River Bay
(Station One - 16.1 o/0o, Station Two - 18.5 o/o0o0, Station
Three - 22.5 6/00). Some initial mortalities may have been
due to temperature shock. Fingerman and Fairbanks (1956#;
19565, 1957) found that oysters can be killed by a short
and sudden exposure to temperatures well below the thérmal
death point for the species. This is a shqrf term tem-
perature stress to which the oyster is unabie to becaome
accustomed due to prior acclimation. This factor combined

with relatively poor conditions following spawning may have
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contributed to high ihitial mortalities of oysters, es-
pecially those at Island Creek. In addition, Quiék (1971)
found that oysters in the early étages of gametogenesis
ére selectively killed by sudden exposure to temperatures'
near 35°C.

In considering the ﬁroblem of thermal distﬁrbance in
the marine environment, factors other than temperature |
must be considered. Chlofine and other biocides,‘lower
dissolved ox&gen levels, depressed food concentratibns,
trace metals from power plant heat exchangers and altered
currents and sedimentation probably combine with tempera-
ture to affect organisms or their parasite-hbst, disease-
host, or predator-prey relationships.

| Chlorine is not thought to have had any detrimental
effect on oysters held in the effluent due to the distance
from the outfall. Holmes (1970) states that sea water has
a fairly high chlorine demand and that active chlorine
rapidly disappears.from the system being'quickly absorbed
byvsuspended'ﬁarticles, diSsolved_sulfides, and organic
matter. In addition, Waugh (1964) determined inllabdrétory

experiments that the larvae of the oyster, Ostrea edulis'(L.)

would survive at ten-minute exposure to 10 ppm bf chlorine
at 30°C. This concentration is higher than those commonly
used in power stations. The Delmarva plant chlorinates

intermittently maintaining a tailpipe residual of 0.6 ppm
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‘(Gibbons, personal communication). It is likely that
active chloriné has been removed from the water by fhe
time it reaches the mouth of Island Creek.

The worm, Polydora, may also have contributed in-
diréctly-to oyster mortality. They were found living in
oyster sheils at all fhree stations. Polydora were most
numerous in Island Creek, numerous at the‘intake; and
present to a lesser dégreé at Oak Orchard. Quick (1971)
-statéd that Polydora is mosf prevalent’during warmer months
ahd_Loosanoff and Engle (1943) stated that Polydora is
usually associated with lower salinities which partially
explains its distribution at our stations. Lunz (1941)
stated that the oyster may be forced to spend considérable
'energy secreting shell to cover the worms. This demand
at a time of physiologiqal stress might contribute to
some oyster mortalities.

Fouling organisms may;also have contributed to the
summer mortalities. Based on biomass, the barnacle (Balanus
_improvisus) ﬁéé the majorbfouling organism at the intake
and at Island Creek. Setting and growth were espécially
extreme in the effluent (Gibbons and Brady, 1971). In-
creased biomass of fouiinglorganisms in héated effluents
were reported by Cory and Nauman (1969). Nauman and Cory

{1969) stated that Balanus set earlier in the effluent and
‘showed increased growth. Roessler (1971) reported increased

growth rates during part of the year for barnacles in an
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effluent. At Oak Orchard, the méjor fouling organism was
serpulid worms. Although fouling organisms were removed

as often as possible, rapid growth of serpulids at Oak
Orchard and barnacles at Island Creek caused detritus,
feces and pseudofeces to be trapped, filling the sea raéks
with sediment. FQuling 6ccurred at the intake to a lesser
degree. Mackin (1961) listed as Type IV oyster mortalities
spatial éompetition from epifaunal organisms such.as barna-
cles. In a series of studies with the Japanese pearl oys-
‘ter, Miyauti (1967, 1968, 1969) found that the presence of
fouling organisms reduced the activity and vitality of the
oyster. The growth rate declined as did condition and oxy-
gen_consumption‘in heavily fouled ojsters; The barnacle,
B. émphitrite, wés found to be the most detrimental fouling
organism. In addition to mortalities due to competition
with fouling organisms, Mackin (1961) listed cdmpetition
with other oysters and crowqing as Type VII mortaiities.
This factor may have combined with the effects of fouling
organisms té éause some mortalifies as initial densities

in the trays-were high.

Throughout the course of the study, the waters of
Ihdian River Bay carried large amounts of silt, especially
at the island Creek station. Loosanoff and Tommers (1948)
_found that even at low concentrations (0.1 G/L) suspended
silt resulted in a 57% decrease.in the pumping rate of

the oyster. In addition, the oyster trays, especially when
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heavily fouled, tended to trap sediﬁent and many_oystérs
may have been buried for a period of-days. When living
anaerobically the oyster utilizes glycogen reserves and,
when they are exhausted, death will result unless aerobic
respiration can be resumed. Total utilization of reserves
would be more likely to happen at higher temperatufes.
Dunnington (lQGS) found that oysters forced to live anaero-
bically, consuming glycogen reserves, showed hortalities
which varied directly with temperature. During cold winter
conditions, oysters lived up to five'weeks, while during
~the summer death occurred within a matter of days. Read

(1964) found that Crassostrea rhizophorae held anaerobically

at 37°C would survive for forty-eight hours, while at 40°C
survival time was decreased to thirty-six hours.

Heat may have contributed indirectly to ﬁortalities at
all three stations in yet another way in its effect on
several oyster diseases of‘this area. Mackin (1961) listed

oyster mortalities due to disease as Type II mortalities.

Both Labyrinthomyxa marina, a fungus disease, and Minchinia
nelsoni, (MSX), a haplosporidian parasite, are active in

June-August. Minchinia nelsoni causes high mortalities in

July-August (Couch and Rosenfield, 1968) and Labyrinthomyxa
marina caﬁses mortaiities.in July—Octobér (Andrews, 1965).
Hewatt and Andrews (1957) found that temperature'above'25°c
was necessary to cause high level mortalities due to L. marina.

A comparison of the mortalities of Group One and Group Two
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oysters shows thaf the timing of the mortalities of these
groups was diffeﬁént, thereby further.reducing the likeli-
hood that an oyster epizootic was responsible for the ob-
served mortalitiés. Where disease organisms or parasites
are present in areas where thermal stress is a problem, a
sub~optimal physiological condition may be created present—
_ing pathégens and parasites with an opportunity to overcome
their hosts (Vernberg, 1969; Mihursky et al., 1970). There-
fore, a thermal effluent_might be expected toAdisturb normal
pathogen—host,‘parasite—host relationshipsiby maintaining
temperatures at high levels for.a longer part of the year.
Since the ambient temperature reached 30°C at all stations,
mortalities caused by these organisms Would occur at all
three stations if these disease organisms were present.
Since mortalities were not severe at any station, it is

not likely that an oyster epizootic was responsible in

this case.

Group Two oyster mortalities were highest in August;
the firstimdnth they were determined. Highest mortalities
would be éxpected in August, but normally the magnitude
wouid be. expected to be less. A comparison with_Group One
oyster mortalities (Appendix A-1) shows high initial mortali-
tieé in June with a secondary peak in August. This level
represents more normal August mortalities as the oysters

had had two months to acclimate to these high temperatures.



63

Mortalities were low throughout the fall months reach-
ingbthe lowest level at all stations in December. The
physiological stress of the high ambient and effluent
temperatures had been removed. Temperatures during this
period favored normal pumping rates. Dame (1972) found
that although the metaboiic rafe declines during the_fall,
the assimilation'rate of ingested food was higher during
this period. Therefore, food reserves may be stored and
the oyster may become fat. Mortalities remained low through-
~out the winter months at all stations. Ansell (1969) and
Kennedy and Mihuféky (1972) warn thaf elevated effluent
temperatures during winter months might increase the meta-
bolic demands of shellfish at a time when food organisms
would not be available causing starvation. This does not
seem to be the case ih Indian River Bay as meat weights and
giycogen levels were_high and mortalities were very 16w
during winter months. Ayer et al. (1970) reported re~
duced winter portalities for oyster spat held in an effluent
in New Hampéhire where winter icing was a problem. This
pattern is similar to that found in our stﬁdy.

Spring mortalities (April-May) were highest at Oak
Orchard due probably to extensive serpulid worm fouling,
which similarly to barnacles teﬁds_to trap sediment. The
mortality pattern would be expected to shift with highest
mortalities occurring in Island Creek later in the summer.

At the time of the May collection, temperatures in excess
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of 30°C were measured in Island Creek, but the short dura-
tion of these elevated temperatures had not yet résulted
in higher mortalities. Roosenburg (1968) worked with
transplanted oysters in a power plant effluent. He reported
higher initial mortalities for'oysters placéd within four
hundred meters of the outfall during:the warmer months (May-
September). Oysters transplanted between October and April
showed ho detrimental'effects br higher mortalities than
those planted at control stations. Based on our mortality
results, it seems likely ‘that a similar pattern would be
féund at the Indian River stations if oysters were trans-
planted during colder months.

The interpretation of oyster mortality in this case
is rather complex. High temperature has the direct effect
of imposing metabolic stress on oysters. Although these
temperatures are below the critical lethal temperature for
thié species, oysfers may be particularlj susceptible to
the effects_of high temperatures during early‘gametogenesis.
In addition, temperature may have secondary effects on oys-
tefs influencing the types, abundance, and growtﬁ of foul-
ing organisms in the effluent and possibly the predators,
pathogens, andAparasites present and their relationship to

the oyster.
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Shell Growth

As an oyster grows, the mantle secretes new shell in
four distinct layers. The layer which is laid down first.
at the periphery.of the shell is the periostracuﬁ, a thin
film of organic material. Because this layer is thin, if
is very fragile_and any ehell growth measured is that over
and above breakage. New shell growth can easily be damaged
by handling and cleaning the oysters. Apparenf negative
‘shell growth can be caused by breakage or to sampling of
smaller oysters due to chance or a combination of both fac-
tors. Breakage is likely to exceed growth during cold
weather; reports of "negative growth'" during winter months
are not uncommon even when iarge samples are involved
(Beaven, 1953).

All stations shewed>positive changes in shell height
until December. At this time,‘negative shell growth was
first observed due to breakage and sampling problems.
Oyeters from Stations Oneband Three showed increases in
height in Oetbber and November. Oysters at Island Creek
showed growth which continued into'December before level-
ing off. Because of the elevated temperatures in Island
Creek, the winter was shortened or modified and the growing
season was extended at this station.

Arndt (1968) reported an extension of the growing

season for raft-cultured oysters held in a power plant ef-

fluent. 'Alsq, the mussel, Mytilus edulis, was observed to
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grow throughout the year near the outfall. Ayer ef al.
(1970) found reduced winter grthh of raftfcuitured spat
held in an effluent in New Hampshire possibly due to the
fact that oysters were held very close to the outfall (10
meters) where there was low water quality due to turbulence,
sedimentation, and biocides. Ansell et al. (1964) showed
that heated effluents increased both the‘growing'season and
the instantaneous growth rate of clams. The thermal efflu-
ent is similar to a southerly shift in geographic range.
Roosenburg (1968) found no significant differences in shell
growth between oysters in the effluént and those at control
stations. He felt that there Were necessarily some subtle
effects, but that they were masked by intrastation variation
or by large differences in salinity between his stations.
Oysters‘from island Creek were consistently larger in shell
dimensions than oysters at the other station and they showed
signs of an extended growing seasqn.‘-Shell'grthh was not
slowed even'dpring August and September, the'honths;of
greatest,thermal stress. This summer shell growth at Sta;
tion Two may have been in response to heavy infestations of
the worm, Polydora. Loosanoff and Nomejko (1949) sta;ed'
that gametogenesis and spawning did not interfere with
shell growth. Stewarf (personal communicdtion) reported
extremely rapid growth of oyster spat in heated effluent
water near 35°C at a power plant in Florida. Also, Salo

and Leet (1969) réport extensive shell growth throughout
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the year for Crassostrea gigas held in a thermal effluent.

Boetius (1962) found an accelerated growth rate of Mytilus

edulis exposed to the effects of a power'plant effluent.

Meat Weight

Increases in oyster shell dimensions do not.neces—
sarily reflect similar increases in meat weights. Oyster
growth patterns vary with age, latitude, and'local condi-
- tions (Butler, 1953). Meat weights must be coﬁsidered té—
gether with shell dimensions in evaluating oyster growth.

The wet weight of an oyster consiSts iargely of water,
oyster tissue, and glycogen reserves. Because of the gly¥
cogen-gonad cycle in oysters, the proportions of these com-
ponents vary throughout the year. | |

Oysters held in the effluent were lower in wet weight
in Apgust than baseline oysters measuréd in June even thoﬁgh
the former showed considerable shell growth. Similarly,

Ansell (1968) showed that the hard clam, Mercenaria mercen-

aria, held in a thermal effluent of a power station increased
in shell dimensions without a similar increase in. meat weight.
The decline in wet weight of oysters held at Islénd Creek
was_probably due to several factors including spawning,k

high pumping rates'and 1low concentrations of phytoplankton,
which resulted in utilization of solid reserves. During

the Summer, there was some degree of thermal stress at ail'

stations due to high ambient temperatures. This inhibited
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the rate of meat weight increase at control stations.

During the fall and early winter, wet weights of oys-
ters increased dramatically at all stﬁtions.‘ The metabolié
rate of the oyster declined with the temperature while the
assimilation and growth rates increased (Dame, 1972). Ga-
metes and gonadal tissue'were resorbed and glycogeh con-
vcentrations increased rapidly. Since meat weights of o&s-
ters from Island Creek wére consistehtly greater from De-
cember through May, it is'probable that this was due to
greater growth of'oyster tissue and not just higher winter
glycogen concentrations. The spring decline in meat weights
of oysters from the effluent station is due.to loss of stofed
glycogen. ‘This was éaused by an early temperatufe rise in
Island Creek resulting in increased metabolic demands. More-
over, fhe concentration of phytoplankton may not have in-
-creased as pumping rates increased. Ruddylet al. (unpublished
data) held oyster spat in a heated effluent area ‘in Connecti-
cut.: They found that wet meat weights of oysters held in
the effluenf ébntinued to increase into the winter months
and were much higher than oysters sampled from cphtrol sta-
tions-during'fhe period. November-March. In addition,“the
apparent initiation of meat growth with warmer weather oc-
curred several months earlier than at control étations due
to elevated temperatures.

Dry weights showed a pattern similar to wet weights.

Differences between wet and dry weight patterns were due
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to differences in oyster tissue grbwfh and glycogen con-
centration.

Stations de and Three showed reductions in dry weight
in August. Only at Station One did tissue growth exceed
loss of dry weight due to use of reservesvand spawning.

.Since it is impossible to measure dry weights on the same
oysters month affer month, sampling anomalies must also
be considered as.possible cause for weight fluctuations.

Dry Weight_increases during the fall were the result
of favorable temperature conditions and high assimilation
and growth which lead to tissue growth and glycogen storage.
At Station Three in Novembér, oyster dry weights can besf
be explained as the result of a sampling artifact. Oys-
ters sampled that month were simply largef than the average
for that station. The corresponding shell heights ahd wet
weights were both‘unusually large. Basically, oyster dry
weights remained rather low at Oak Orchard throughéut the
winter and began'increasing in March through May. Warmer
temperatures during that period and iﬁcreasing metabolic
rate made tissue growth possible.

Oysters from the intake remaiﬁed near the October-
November level until May. Increases in April may be due
to tissue growth as active feeding begah.

Oysters from Island Creek continued to increase in dry
weight well into the winter months due to the extended grow-

ing season and the high glycogen concentration: in these oys-
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ters. Spring decline in dry weight may be due-to utiliza-
tion of reserve glycogen and conversioﬁ of it into gonad
material. Warming in the effluent in the spring was not
as gradual ;é it was at Stations One énd Three and the
amount of time the oysters spent exposed to optimum.tem-
perature conditions wasvreduced. DeSpite.the more severe
late spring conditions in Island Creek and the possibility
that some individuals'may have started spawning by the time
of the May collection, dry weights were higher there than
at the other stations. This shows that throughout the
course of this study there has been a net increase in oys-
ter meat weight és well as shell height. Since glycogen
concentration has been reduced dué to increased metabolic
rate, gametogenesis, and gonad formation, it cannot account
for increased dry weight. |

4-From a commercial point of view, it is the dry meat
weight of the oyster (tisspe weighf plus glycogen) which
is the marketable item.v iéland Creek oysters'far exceeded
oystérs froﬁ cbntrol stétibns_in dry weight during the.
prime harvesting moﬁths (December, January, February)}

The biomass and c14 uptake of phytoplankters were
determine& for several‘stations near the power plant in a
study done by investigators from the Department of Geogra=-
phy and Environmental Engineering of Johns Hopkins Uni-
versity'(Richard A.'Smith, personal communication). (Rates'

of primary production at the discharge were enhanced when
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ambient temperatures were below 22°C (gt = 7°C) and rates
were depressed when ambient temperatures rose above this
level. Wheﬁ primary production rates were altered, they
remained altéred as long as temperatures were elevated but:
retﬁrned to normal when the water reached ambient éempera—
tures once again. Only at the véry highest ambient tém-
peratures and during intermittent chlorination would a

at = 7°C cause a perménent destruction ofvphytoplankton
(i.e.——broduction rate does not'return to previous level
when ambient temperature returnéd).‘_

In support of these findings are Warrinef and Brehmer
(1966) who reported that during periods of low or moderate
ambient temperature,. a thermal effluent had the effect of
enhancing primary productivity. During hot summer tempera-~-
tures (above 20°C) an increase in temperature depfesses
productivity. Thus,_ih‘the fall, winter, and spring, the
effluent would contain morerpqtenfial oyster'food than the
other stations. During the summer,:the situation would be
rebersed. Siﬁilar results and Supporting data have been
presented by many workers. Hamilton et al. (1976) confirmed
the work of Warriner and-Brehmef, but showéd thatrpripary
productivity could bhe decreased up to 90% at the outfall
by power plant chlorinatioﬁ. Kullberg (1968) reported that
freshwater'algal diversity decreased as you move closer to
thé source of a thermal spring. Fedorov et al. (1968) found

that productivity of four species of diatoms and green algae
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was consistently higher at 20°C than at 10°C. Steeman and
Jorgensen (1968) showed that photosynthesis of planktonic
algae was higher at 20°C. than it was at 2°C or 7°C. Ukeles

(1961) discovered that Isochrysis galbana and Monochrysis

lutheri, two important species for shellfish culture,‘will.
surine temperatures no higher than 24-27°C, while Chlorella
wasvviable'aboveb30°C. Morgan and Stross (1969) found that
with a change in temperature of 8°C between the intake and‘
effluent, cérbon uptake nearly doubled when aﬁbient water
was 16°C or below. When ambient reached 23°C, however,
carbon uptake was tremendously reduced. Yanase and Iméi
(1969) found temperatures between 23°-39°C to be optimﬁm
”fer four species of algae useful in rearing shellfish. Fox-
and Moyer (1973) reported that the-severify‘of the_effects
of an effluent on productivity seem to be propertional to
the temperature of the intake wéter. In contrast with most
of these findings, Ruddy eP,al. (persoﬁal»eommunication)
described no significant differences in totallchlorophyll
determinatione between intake and outfall when the time of
measurement did not coincide with the time of infermittent
chlorination. On the basis of the major pertion of the
aveilable literature, it seems 1ike1y that the food con-
centration available to an oyster in the heated effluent

is increased during fall, winter, and spring, and.decreased

during the warmer summer months.

Bayne and Thompson (1970) found that Mytilus edulis
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éiposed to temperature stress decreased its oxygen con-
sﬁmption rate and utilized body protein-és well as carbo-
hydrates as an energy sourée. Gilluly (1970) réported in-
creased growth of 1arge mouth bass in a pond receiving a
heated-effluent in South Carolina. Although Roosenburg
(1968) found an extended.growing season and growth rate

- for thermally affected oysters during cold months, he found
no beneficial or detrimental effects on ﬁn annual basis.
Brett et al. (1969) in summarizing the effects of thermal

- releases on fish stated that when maintained at highef tem-
peratures, more food musf be available or body weight will
decline. Since oyster growth in the effluént was enhanced,
it seems 1ike1y that primary productivity in Island Creek
has kept pace with the increased metaboliéndémands of the
ojster during most of the year, parfiéularly in the fall,
winter, and early spring.‘ On the other hand, low primary

productivity‘during the summer is also very likely.

Condition.

Percent water is a measure of the condition of an
oyster. As percent wafer decreases and solids inérease,
condition impfoves. Ideally the water concentration should
be nearly the inverse of the glycogen concentration because
glycogen is a stored solid which should decrease percent
Watér~as it is concentrated.

In the fall as ambient water temperature declined, the
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water concentrations of oysters declined from high summer
~values to the lower values measured in November.

During the winter, Island Creek oysters were lowest
in percent water with control stations higher as might be
expectéd during the colder months. The relatively high
level of these winter reédings at ai1 three stations is
unexpected. |

At Stations One and Three the water éoncentration is
near the summer level from December through March. At |
Island Creek, percent watef levels were'high in December
and January. Many factprs'influence the condition of an
oyster. DPerhaps the combined effecfs Qf several physical
parameters combined to afféct fhe condition of the oysters
s#mpled. Galtsoff (1964) showed percent Water measurements
of nearly 90% for oysters at various times of the year.
This mid-winter increase in ﬁercent water may reflect a
utilization of some storedvso;ids.during the period of
cold weather inactivity.'ﬂw

In spring, as water tempefatures increased, Stations
One and Three maintained good condition while the'condifion
of oysters from Island Creek began to decliné aS'gljcogen
was depleted. .

Glycogen is animal stﬁrch stored in the connective
tissue of the mantle and labial palps of the oyster. C.

" virginica and many other molluscs show a glycogen cycle,

V concentrating it in the colder months and using it in gonad
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formation as temperatures become warmer. Annual glycogen
cycles have been described for various populations of oys- -
ters by Gaitsoff et al. (1947), Hopkins et al. (1954), and
Lee et al. (1960).
| Glycogen increased from summer levels into the fall.
By August, after spawning, oysters at Island Creek had used
some of this réserve glycogen. The control stations were
already making a_recqvery from glycogen depletion due to
spawning. BRecovery of Island Creek oystersllagged behind
that of other stations because warmervtemperatures continued
into the fall at'the effluent station. By December, Island
Cféek oysters had surpassed control oysters in glycogen
conéentration. In December, oysters from Stations One and
Three showed a decline: in glycogen which implies a loss of
condition. This is similar .-to the increase in percent'
water which occurred at all stations in December, but is
of shorter duration.
| In April‘and May, oysters from Island Creek began to
decline in glycogen due to gametogenesis and metabolic use
of reserves. The late recovery and early 1655 of condition
in Island Creek shows the effects of the shortened winter
on oysters held there.- Thermal gtress is removed .last
and applied earliest to oysters in»Island Creek{
Withih a sample of oysters, wet and dry weights and
percent water must agree becausé these measurements are all

taken from the same oysters. Glycogen determinations, how-
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ever, are necessarily made on different individuals from

the sample. Since.oysters vary tremendously in many fea-
tures, this may lead to conflicting data. 1In reality,
percent water and glycogen concentration of a population

of oysters cannot both increase in a given month without
degeneration of the oyster tissue. Galtsoff (1964) de-
scribed cases where glycogen and percent water both increase
markedly, but offers little in explanatidn of this phenome-
" non. Sméll inconsistencies (Augﬁst and February, Stations
Two and Three; April, Stations One and Three; and ali sta-
tions in March) can be attributed to sampling artifacts; but
larger discrepancies are more difficult to explain (December, -
Station Two; January, all stations).

Engle (1957) found that optimum condition (percent.
solids) of oysters occurred in late fall and late spriﬁg
with a major low through the summer, especially following
spawning and a second low in mid-winter, This.agrees very
well with the percent water data presented here. Haven
(1962) found a similar trend using a condition index for

oysters held in tréys. He also stated that heavy fouling

and presence of Polydora websteri tends to be‘defrimental

to condition. Herrmann (1968) studied percent solids of

the oyster, Crassostrea gigas, and re1ated seasonal changes
with nutrient sources. He found glycogen highest in late
spring and lowest in summer, while percent solids was low-

est in winter, highest in summer, with a pronounced drop
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-f0116Wing‘spawning; The periods of best condition (spring
and fall) were correlated with times of natufal phytoﬁlankton
blooms.

Widdows and Bayne (1971) stated that the mussel,

Mytilus edulis, during warm acclimation showed an increase:

in blood sugar prior to énergy équilibrium suggesting the
mobilization_and'utilization of stored energy reserves.
This would serfe‘to explain the low summer glycogen levels
of oysters held in Island Creek. The oyster, liké Mytilus,
"was probably unable to maintain its energy balance when
first sﬁbjebted to a temperature increase.v Quick (1971)
prdvided supporting evidence and stated that oyster condi-
tion declined initially before stabilizing when they were
vsubjected to temperatures of 35°C. ‘Burkléw (1971) showed
that the higher the exposure temperature, the more rapidiy
glycogen reserves of the oyster were consumed. Hé also
pointed out_the,differences_in glycogen éycle between northern
and southern populations oflg; virginica.i Our oysters held
in the efflﬁénf showed a pattern typical of southern oys-
tefs concehtrating glypogen throughout the fall and winter.
Northern populatidné typically show a mid-wintef decline

in glycogen during the Winter period of inactivity. Oys-
ters at controlhstations showed this trend to é'small de—.
gree with a small decline.in December. In éupport of ouf
fihdings are Ruddy et al. (unpublished data) who measured

total carbohydrates of oysters and found that condition was
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enhanced in oysters held in the effluént between January
‘and May. The condition indices of oysters sampled froﬁ
the effluent Were higher than those for control oysters
in February—May. 'Total carbohydrates of control and test
oysters were similar during summer months. Roosenburg
(1968) found no significént differences‘in’conditibn be-
tween oysters held in an efflueﬁt and those held.in ambient -

water using an index of condition.

Spawning -

As water temperatures rise in the spring, temperatures
which will support gonad forﬁatioh and spawning are reached
first in the effluent. As the water temperatures increase,
gonéd devélopment progresses and glycogen.reser?es are'con—
sumed (Loosanoff, 1942). When a critical.temperature is
reached, spawning occurs (Nelson, 1928).

Results indicate that this pfocess occurred first at
Iéland Creek. Oysters from the effluent were successfully
spawned on Mayv7,‘1970, whereas oysters from the other sta-
tions could not be induced to spawn. Arndt (1968) working
in a heated effluent in Maine.determined that spawning oc-
curred in the effluent in an area where ambient tempera-
tures were too cold to allow gonad development and spawning
to occur. In contrast, Roosenburg (1968) wbrking in Mary-
land showed no early gonad develoﬁment in the effluent.

He did show a loss of condition of oysters in the effluent
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which was interprefed as possible early spawning, but this
was not confirmed by gonad examination. Ansell et al. (1964)
found an earlier build-up of spawning potentiality and a
greater number of eggs produced'ih clams held in a thermal
effluent., Ansell (1963) stated that effluents may be re-

spon51b1e for allow1ng Mercenarla mercenaria to become

established in British waters by raising water temperatures
high enough to allow spawning to occur. Ansell and Lander
(1967) reported an unusual response of the hard clam to
heated effluent. Individuals wefe found to spawn in both
spring and autumn instead of the normal single annual period
of spawning. Gennette and'Morey (1971) found accelerated
spawning of oysters held at 35°C when compared with those
held at 30°C.

Confirmation'of our tentative results will be neces-
sary using histological exémination. If early spawning is
shown to have occurred, whieh}we now suspect, it may prove
to be a sublethal or chronic effect of the thermal addi-
tion. If spawnlng occurs when ambient water temperatures
are below 20°C, larvae w111 not survive to set and 1oca1
recruitment may be detrimentally affected. Although the
breeding population may not be killed,>theypopulation‘mightl
eventually lose its commercial value or die out altogether.

The use of a thermal effluent in the commercial rear-
ing of shellfish has been suggested by many researchers

(Ryther and Bardach, 1968; Ryther, 1969; Ansell, 1969;
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Nash, 1970). Methodsvof increasing the productivity of

_ these estuarine waters have been suggested by Mihursky
(1967), Isaacs and Schmidt (1969), and Commercial Fisheries
Review (1971). Butler (1953b) found that Chesapeake and
"Gulf oysters both require 30 months to reach commercial

size. Chesapeake oystere are inaetive for six months of
this period. - A thermal effluent might be used in this lati-
tude to promote optimal growth during this period of cold
weather inactivity. Based on raft culture data on C. vir-
ginica in Delaware Bay (Aprill and Maurer, unpublished data),
it is likely that two growing seasons (18 months) would be
sufficient time to raise marketable oysters using artificially

reared spat and a thermal effluent.
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SUMMARY

Oysters held in thevthermal effluent showed shell
growth comparable to oysters at control stations through-
out the normal growing season,. In'éddition, there Was an
extension of the growing season into thevwintéf months for
oysters held at'Island Creek. Meat weights of thermally
affected oysters were low in the summer moﬁths and mortali-
ties were high due to thermal stress and related factors.
Oyster condition based on glycogen reserves was generally
poor during the summer and good during cooler weather, with
a decliné in mid—wintér due to the cessation of feeding.
Oyster condition reached thé éxtremes at Island Creek, bhe-
ing worst of all stations during the summer monthé and best
during the cooler months. "Dry meat weight is the commercial
item in oyster production. Oysters'from the effluent sta-
- tion were highest in meat weights throughout much, of the
study, especially during the prime harvesting months.v The
oyster seems to be resistant to thermal stress and this
may be true for other shellfish as well. |

In comparing the results of this projéct with those
of Roosenburg (1968), it seems likely that the salinity

and turbidity gradient of the Patuxent River, Maryland, may
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have masked any differences in growth, condition, or spawn-
.ing which weré due to temperature. ‘As a result of this,
Roosenburg found no significant differences between ambient
~and test stations except in initial mortalities and copper
concentration in oyster tissues.

As long as most of 6ur electrical energy is pfoduced
by fossil fuel_ahd nuclear power plahts, thermal pollution
will remain a problem which is constantly growing in ﬁag—
nitude. The effects on our lakés, rivers, and estuaries
can be minimized by the use of cooling towers or lagoons.
When possible, the site selections for new power_facilities
on estuaries should be chosen So as to avoid the habitats
of,commercially and ecologically important species such
aé the oyster. Where thermal additions are unavoidable,

productive uses for waste heat should be sought.
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APPENDIX A

"Group One Oysters



Station

June

Jﬁly
August
September
‘0ctober

November

Mean Monthly Percent Mortality (%)

1

100

TABLE A-1

Group One

2

38.4
12.5
13.3

2.6

1.6

30.2
9.3
12.7
43.4.
2.1



Oysters Subsampled from those taken from Murderk

Station

August
September
October

November

101

TABLE A-2

: Group One
Mean Monthly Shell Height (cm)

June 1970--6.6

7.5 7.6
7.5 7.9
8.1 8.0
7.5 8.6

ill River
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TABLE Af3

" Group One
Mean Monthly Shell Length (cm)
Oysters subsampled from those taken from Murderkill R1ver
: June 1970--4.7

Station 1 , 2 - 3

August ' 5.2 o 5.2 5.3
September 5.4 5.5 5.7
October 5;6' 5.5 . 5.8

November 5.2 | 5.8 . 5.8
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TABLE A-4

' Group One
Mean Monthly Shell Width {(cm)
Oysters subsampled from those taken from Murderkill River
June 1970--2.0

Station 1 _ 2 3
August - 2,1 - 2.3 2.2
September 2.3 2.3 ' 2.4
October 2.3 ‘ 2.2 2.5

November 2.2 2.5 2.5
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TABLE A-5

Group One
Mean Monthly Shell Thickness (¢m)--Left Valve
Oysters subsampled from those taken from Murderkill R1ver
June 1970--.30

Station - 1 » 2 3

August ' ‘ .32 .32 ' - .29
September .81 .33 .31
October .33 .33 .33

November - .34 .34 : . .34
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TABLE A-6

. Group One
_ Mean Monthly Shell Thickness (cm) Right Valve
Oysters subsampled from those taken from Murderkill River
June 1970--,26

f

Station 1 2 3

August , .28 . .29 .30
September .28 .30 | .32
October .32 .32 . .35

November . .31 .32 _ .31
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TABLE A-7

. Group One »
Mean Monthly Wet Weight (g
Oysters subsampled from those taken from Murderkill River
June 1970--5.3 '

Station ‘ 1 2 , 3

August | 5.6 5.1 6.2
September 5.8 6.0 7.9
October ’ 6.0 7.4  10.5

November 6.0 10.9 9.0
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TABLE A-8

Group One
Mean Monthly Dry Weights (g)
Oysters subsampled from those taken from Murderk111 River
June 1970--1.0 .

Station 1 B 2 3
August . l.z _ 1.1 1.1
Septembér ' . 0.8 : 1.3 - 1.5
October 1.1 1.6 - 2.7

November _ : 1.2 - : 2.8 2.4



Station

August

September

October

November

108 .

TABLE A-9

Group One

Mean Monthly Percent H
Oysters subsampled from those taken %
June 1970--81.1

79.4

86.7
81.4

80.7

1 79.0

78.4
78.1

74.9

0 (g) ,
rom Murderk111 River

8L.9-
80.9
74.2

- 73.4
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TABLE A-10

Group One
Mean Monthly Glycogen
(mg glycogen/100 g oyster tissue)
Oysters subsampled from those taken from Murderkill River
’ June 1970-~1747.6

Station ' 1 2 3
August 2672.9 1900.4 3880.0
September -~ 3410.6 ©2341.1 - 4590.8
October v ' . 4287.4 2691.9 5936.3

November 4459.,2 4801.0 5680.0
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APPENDIX B

. Group'Two Oysters
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" TABLE B-1

~ Group Two
Mean Shell Length (cm)
Oysters subsampled from those taken from Murderkill River’
June 1970--4.7 ’

Station 1 . 2 ' » 3
August 5.4 5.2 5.1
September 5.4 5.4 5.2
October 5.7 5.7 ) 5.5
November 5.5 5.4 5.7
December 5.4 5.7} 5.0
January 5.5 5.7 - 5.1
February 5.5 5.7 5.1
March 5.4 . 5.7 5.3
April - 5.5 | 5.8 5.3
May , : 5.8 | 6.4 5.5
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TABLE B-2

Group Two o
. Mean Shell Width (cm)
Oysters subsampled from those taken from Murderkill River
June 1970--2.0

Station : 1 -2 3
August 2.2 2.1 2.0
September 2.2 2.3 2.1
October 2.3  2.4 ‘ 2.2
November 2.4 2.5 | 2.5
December 2.4 2.6 2.2
January 2.3 2.4 2.2
February 2.3 2.5 2.2
March . 2.3 2.5 2.4
April 2.5 2.6 2.4
May 2.5 2.8 2.5
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TABLE B-3
Mean Shell Thickness (cm)--Left Valve
Oysters subsampled from those taken from Murderkill River
' June 1970--.30

Station 1 | 2 - 3

August | .32 .32 .29
September o .32 .33 . .30
October - .33 .33 .33
November .34 . .34 ' .34
December .35 ‘ .34 r“ .34
January .35 .33 .32
February . «35 | .33 - .32
March .32 ' .33 .36
April , .34 | .35 ' .35

‘May .35 .35 .34
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TABLE B-4

- Group Two
Mean Shell Thickness (cm)--Right Valve
 Oysters subsampled from those taken from Murderkill River
June 1970--.26 ' '

Station 1 2 3
August ‘ .28 .29 | 27
September .29 .31 ‘ .28
October .30 .30 .30
November . .29 .32 .31
Deqember : .32 .32 ’ .30
January .29 ' .30 \ v .29
February ' .29v | .31 .29
~ March .28 .29 .31
April . ‘ .31 | .33 .29

May . .31 ' .32 .31






